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Summary
Introduction: The natural progression of neuromuscular diseases results in inevitable musculo-
tendinous contractures, most often in spite of early treatment. Surgery corrects this. The aim
of this study was to evaluate the results of tendon surgery in these cases.
Materials andmethods: Twenty children with muscular dystrophy underwent hip surgery (tensor
fascia lata tenectomy, rectus femoris and sartorius tenotomy), knee surgery (gracilis, semitendi-
nosus and semimembranosus tenotomies) and/or ankle surgery (lengthening or tenotomy of the
Achilles tendon with or without posterior tibial tendon transfer). Articular range of motion was
evaluated preoperatively, 6months after surgery, at 1 year and at the ﬁnal follow-up (7.4 years).
Results: Three children underwent surgery before they had lost their walking capacity, eight
soon afterwards, and nine long afterwards. Surgery was bilateral in all cases: 38 hips, 12 knees
and 36 ankles with 22 posterior tibial tendon transfers. Hip extension, which was limited by a
30◦ ﬂexion contracture improved to 10◦ and stabilized at 14◦ at the ﬁnal follow-up. Adduction
which was −19◦ before surgery increased to 35◦ and had stabilized at 32◦ at the ﬁnal follow-up.
Knee ﬂessum (38◦) was only slightly improved (24◦) and had regressed at the ﬁnal follow-up.
Equinus deformity (42◦) was corrected to 9◦ of dorsal ﬂexion with a slight loss (2◦) at the ﬁnal
follow-up. Varus was improved from 11◦ to 6◦, but this had regressed at 1 year (10◦) and at the
ﬁnal follow-up (11◦). Achilles tendon tenotomies resulted in 28◦ of dorsal ﬂexion at 6months
compared to 20◦ with lengthening. Correction of varus was better with posterior tibial tendon
transfer at 6months, 1 year and at the ﬁnal follow-up (11◦ versus 5◦). In the three patients
who underwent surgery before losing their walking ability, one continued walking for 1 year
e of the eight patients who underwent surgery soon after losingand two for 6months. Non
ambulation were able to regain walking. All patients were able to continue device assisted
upright positioning for a mean 3 years.
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Discussion: Hip and ankle surgery can release contractures. In the knees, surgery should be
restricted to cases with knee ﬂessum greater than 30◦. The best results are obtained with
extensive m. tensor fascia lata tenectomy and posterior tibial tendon transfer. Achilles tendon
tenotomy results in better recovery of dorsal ﬂexion. Surgery is indicated when contractures are
severe and the patient is no longer able to walk. The aim should not be to continue walking but
to release contractures, so that the patient can continue assisted upright positioning as long as
possible. Especially in cases of asymmetric contractures, surgery can help slow the progression
of scoliosis.
© 2011 Published by Elsevier Masson SAS.
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Neuromuscular diseases which begin in childhood, such as
Duchenne muscular dystrophy are progressive myopathies
affecting the lower limbs and/or spine. Progression varies
depending on the type of disease, but generally results in
joint stiffening making it impossible to walk. The orthopedic
deformities of the lower limbs which are a result of musculo-
tendinous contractures due to ﬁbroadipose degeneration of
the muscle ﬁbers, also make it particularly difﬁcult to install
the child in his/her wheelchair, to use orthotic devices
(upright positioning or walking devices, braces) or even to
wear shoes.
Even very early management with rehabilitation and
orthotic devices are usually not enough to prevent the
development and progression of symptoms [1]. Surgery can
correct these deformities and allow the child to be placed
comfortably in wheelchairs, braces or upright positioning
devices. Recovery of assisted upright positioning is one of
the aims of this technique, but the main aim is to release
contractures to improve the child’s and his/her family’s
quality of life.
Following the studies by Spencer [2] and Vignos [3] in
North America or Roy [4], Dubousset [5] or B. Glorion [6]
in France, numerous reports have conﬁrmed that surgery
can correct these deformities, facilitate upright position-
ing or preserve the ability to walk. These studies are
based on those by Demos [7] who showed that preventing
these position deformities was essential to prolong ambula-
tion.
The aim of this study was to evaluate the results of
surgery in the soft tissues and the orthopedic beneﬁts to
the child.
Materials and methods
This monocentric retrospective study included all children
with Duchenne muscular dystrophy or a similar disease who
underwent lower limb surgery at the University Hospital of
Nice, France. Twenty-one ﬁles were collected and 20 were
included (one patient was lost to follow-up) from February
1990 to April 2009. Twelve patients who consulted and were
being followed-up during this same period did not undergo
lower limb surgery. These children were regularly followed
up at a multidisciplinary consultation for neuromuscular dis-
eases and underwent a standard clinical examination every
M
d
mmonths. The decision to operate was a consensus opinion
f this group. A single surgeon performed all operations.
In patients with Duchenne Muscular Dystrophy, the surgi-
al techniques proposed by Bonnet and et al. [8] were used.
ssociated interventions depended on articular involve-
ent; in hips: extensive tenotomy of the m. tensor fascia
ata and tenotomy of the m. rectus femoris and m. sartorius;
n the knee, tenotomy of the m. gracilis, m. semitendi-
osus and m. semimembranosus; in the ankles, lengthening
r tenotomy of the Achilles tendon with or without pos-
erior tibial tendon transfer. Immediately after surgery,
atients were placed in hip-foot plaster braces or thigh-
oot braces which were changed to a circular plaster cast
etween D8 and D10. The patient was immobilized for 21
ays then physical rehabilitation was begun with night pos-
ural braces and upright positioning devices if this was
ossible.
The choice of the intervention was based on the muscu-
otendinous contractures identiﬁed during the preoperative
linical examination. The degree of hip ﬂexion—extension,
dduction—abduction and rotation, knee ﬂexion—extension
nd ankle dorsal-plantar ﬂexion was evaluated. Patients
nderwent postoperative clinical follow-up at 6months,
year and the ﬁnal follow-up (mean 7.4 years; range
.4—14.7 years).
tatistical analysis
esults were expressed as means and ranges with a stan-
ard deviation (SD). To analyze the immediate and long
erm results of surgery in each patient, the preoperative
ange of motion of hips, knees and ankles were compared
o those obtained at the 6month, 1 year and ﬁnal follow-up
ith the Wilcoxon test for paired series. The inﬂuence of
engthening or tenotomy of the Achilles tendon on equinus
eformity or varus and of posterior tibial tendon transfer or
ts absence on varus and varus-valgus range of motion were
tudied with the Mann-Whitney test for non-paired groups.
tatistical analyses were performed with Statview® 5.0 soft-
are (SAS Institute, Cary, NC, USA). P < 0.05 was considered
igniﬁcant.
esultsost of the 20 ﬁles analyzed involved Duchenne muscular
ystrophies (17 cases), there were two cases of congenital
uscular dystrophy and one case of progressive muscular
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Table 1 All cases operated with surgical techniques used.
Case Sex Diagnosis Age
walking
was lost
Age at
surgery
Hips soft
tissues
Knees Achilles
lengthen
Achilles
teno-
tomy
Transfer
TP
Tenotomy
TP
Transfer
TA
1 G PMD 8 9.5 2 2 2
2 G CMD 9 6.7 2 2
3 B CMD 12 13.7 2 2 2
4 B DMD 10 14.4 2 2 2
5 B DMD 9.5 14.3 2 2
6 B DMD 9.5 9.1 2 2 2 2
7 B DMD 9 9.9 2 2 2 2
8 B DMD 10.5 10.0 2
9 B DMD 11.5 12.1 2 2 2
10 B DMD 12 15.0 2 2 2
11 B DMD 11 14.7 2 2
12 B DMD 11.5 12.3 2 2 2 2
13 B DMD 12.5 15.1 2 2 2
14 B DMD 9.5 10.3 2 2 2
15 B DMD 12 26.2 2 2 2
16 B DMD 11 12.2 2 2 2
17 B DMD 8.5 8.6 2
18 B DMD 11 11.5 2 2
19 B DMD 9 8.9 2 2 2
20 B DMD 9.5 13.9 2 2 2
TP: M. tibalis posterior, TA: M. tibalis anterior; PMD: Progressive muscular dystrophy; CMD: Congenital muscular dystrophy; DMD: Duchenne
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kMuscular Dystrophy.
ystrophy (PMD). All diagnoses were conﬁrmed by muscu-
ar biopsy and genetic analysis. There were 19 boys and
ne girl with PMD. The mean age at surgery was 12.4 years
ld (6.7—26.2 years-old) (Table 1). The age when ambulation
ecame impossible was noted.
Three children underwent surgery before they could no
onger walk, eight soon afterwards (less than 1.5 years) and
ine long afterwards (Table 1). Sixteen children underwent
econdary spine surgery.
Six patients underwent surgery for all three joints, two
or the hips, 11 for the hips and ankles and one for the
nkles. Surgery was bilateral in all cases. Thirty-eight hips
nderwent surgery, 12 knees and 36 ankles. During ankle
urgery, the Achilles tendon was lengthened 18 times and cut
6 times. Posterior tibial tendon transfer was performed 22
imes and cut in one case. The different surgical procedures
re described in Table 1.
In the 38 operated hips, preoperative range of motion was
educed in 19 children and ﬂessum-abductum was present in
8 hips. The mean preoperative ﬂessum of 30◦ was corrected
o −10◦ postoperatively which had stabilized at −14◦ at the
nal follow-up. On the other hand, preoperative adduction
hich was very limited (−19◦) was signiﬁcantly improved
35◦) postoperatively and results stabilized at 32◦ at the ﬁnal
ollow-up (Table 2).
Twelve knees were operated on in six children although
3 children presented with ﬂessum. Improvement of preop-
◦ ◦rative ﬂessum (38 ) was moderate (24 ) and regressed at
he ﬁnal follow-up (35◦) (Table 2).
The preoperative equinus deformity (42◦) was corrected
n the 36 operated ankles resulting in 9◦ postoperative
w
c
porsal ﬂexion with a slight loss of correction of 2◦ at the
nal follow-up. Preoperative varus (11◦) also improved to
◦ sixmonths postoperatively but with a loss of correction
o 10◦ at 1 year and 11◦ at the ﬁnal follow-up (Table 2).
n analysis of preoperative varus and postoperative valgus,
r the varus-valgus range of motion showed a 17◦ gain at
months, 16◦ at 1 year and 16◦ at the ﬁnal follow-up. A com-
arison of Achilles tendon lengthening and tenotomy shows
hat tenotomy resulted in an improvement of 28◦ in dor-
al ﬂexion at 6months versus 20◦ for lengthening, even if
his difference was not statistically signiﬁcant (P = 0.190).
t the ﬁnal follow-up, there was no longer any difference
etween the two approaches. A comparison of the group
ith posterior tibial transfer to that without transfer shows
hat correction for varus was better at 6months, 1 year and
t the ﬁnal follow-up in the transfer group (11◦ versus 5◦
espectively), even if this was not statistically signiﬁcant
P = 0.802, P = 0.076 et P = 0.287◦). Results were also bet-
er for varus-valgus range of motion (P = 0.117, P = 0.515 et
= 0.156).
Two slight complications occurred, one hypoesthesia of
he arch of the foot which resolved and one superﬁcial
nfection of the incision site in the ankle. One child died
mmediately after secondary knee surgery.
All children had postoperative posture braces, either hip-
oot in case of knee ﬂessum, or thigh-foot if there was no
nee ﬂessum. Sixmonths later, only six children were still
earing braces. All were able to wear normal shoes, and
ould be comfortably installed in their wheelchair.
Fourteen children had electric wheelchairs with upright
ositioning assistance, six had simple electric wheelchairs,
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Table 2 Results of ﬂessum-abductum in hips, ﬂessum in the knee and varus-equinus in the foot.
Preoperative
(mean, SD)
Postoperative:
6months (SD,
mean)
Postoperative: Final
follow-up (7.4 years)
(mean, SD)
Hips (38)
Flessum 30◦ (18◦) 10◦ (20◦)
P < 0.0001
14◦ (14◦)
P < 0.0001
Adduction −19◦ (−25◦) 35◦ (10◦)
P < 0.0001
22◦ (21◦)
P < 0.0001
Knees (12)
Flessum 38◦ (17◦) 24◦ (19◦)
P < 0.0001
35◦ (32◦)
NS
Ankles (36)
Equinus 42◦ (8◦) 9◦ (12◦)
P < 0.0001
11◦ (17◦)
P < 0.0001
Varus 11◦ (7◦) 6◦ (5◦)
P < 0.0001
11◦ (11◦)
P < 0.0001
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but three of these had upright positioning assistance with
a separate device. In the three children who underwent
surgery before being unable to walk, one continued to walk
for 1 year and two for 6months with hip-foot braces with
ischiatic support. None of the eight patients who underwent
surgery soon after being unable to walk were able to walk
again. They all continued device assisted upright positioning
a mean 3 years after surgery.
Discussion
Musculotendinous contractures are inevitable in most chil-
dren with myopathy. Early rehabilitation therapy and
orthotic assistance are known to be indispensible in these
patients [9]. Seeger et al. [10] showed that the equinus
deformity progressed faster if physical therapy was dis-
continued and braces were not worn regularly. For Bakker
et al. [1], the beneﬁts of rehabilitation and braces disappear
rapidly over time. Corticosteroid treatment has changed the
course of this disease in the past few years (less signiﬁcant
contractures and walking prolonged) and the indications for
surgery [11,12]. Most of our cases are older and patients did
not receive this treatment. This justiﬁed the indications for
surgical treatment. However, the role surgery is not always
clear in teams managing these children. Should surgery be
performed? At what age? For what purpose? The aim of this
study was to try to respond to these questions.
Lower limb surgery in patients with neuromuscular dis-
eases is useful because it results in improvement by
releasing contractures [5,6,8,13—18]. Dubousset and Que-
neau [5] insists that surgery should be indicated in cases
of asymmetry which worsens the progression of scoliosis.
In our studies in Duchenne muscular dystrophy, surgery was
especially beneﬁcial in the hip with 20◦ improvement in
extension and 55◦ in adduction. These results were stable
over time with a long-term follow up of more than 7 years.
However, the surgical techniques used were important. We
used the surgical technique described by Glorion et al. [6,8]
i
n
lho recommended wide tenectomy of the m. tensor fascia
ata extending to the lower third of the thigh. This pro-
edure was probably the reason for our stable long-term
esults. Based on Dubousset’s recommendations [5], surgery
as rarely performed in the knee. Our results conﬁrm that
mprovement was not signiﬁcant (from 38◦ to 24◦) and cor-
ection was lost at the ﬁnal follow-up. Surgery was limited to
igniﬁcant ﬂessum (more than 30◦), which makes it difﬁcult
or the child to sit or lie down. Indeed this degree of ﬂessum
ften resists physical rehabilitation, and makes orthotic
evices very uncomfortable. For the ankles, Achilles ten-
on tenotomy resulted in better dorsal ﬂexion (28◦ versus
0◦) while posterior tibial tendon transfer seems to result
n better varus correction (5◦ versus 11◦). For Miller et al.
18], the best indication for posterior tibial tendon trans-
er is Duchenne muscular dystrophy for which they obtained
6/28 excellent results. Bach and McKeon [19] feels that
alking is prolonged when this technique is used.
On the other hand, the results of surgery before or
oon after ambulation has been lost, which is recommended
y several authors [6,13—17] were not as beneﬁcial as
xpected, with the ability to walk maintained for approx-
mately 1 year, but with none of the patients able to begin
alking again. However, there were very few cases in our
tudy. In a large study of 428 patients, Forst and Forst [15]
eport that walking was prolonged by a mean 1.25 years in
atients operated at the age of 6.56 years. However, for
his author, the goal of early surgery should not be contin-
ed walking, but to maintain an upright posture by limiting
eformities by releasing contractures [16]. For Forst, more
table long-term results are obtained with early surgery.
mith et al. [17] performed subcutaneous tenotomies before
he ability to walk had been lost, and in his study continued
alking was possible for 2 years after surgery with orthotic
ssistance. Goertzen et al. [14] showed that early surgery
mproved the diagnosis of scoliosis.
All the children who underwent surgery were able to wear
ormal shoes and did not require orthopedic shoes. Instal-
ation in a wheelchair was facilitated and assisted upright
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ositioning was preserved. For Bonnet et al. [8] surgical
reatment, especially early, is justiﬁed because it improves
he child’s and family’s quality of life. Unfortunately, our
ong-term retrospective study did not take this parameter
nto account, because there was no quality of life scale.
ecause many of these children have since died, this param-
ter could not be retrospectively evaluated, but it should be
aken into account in future studies. Leitch et al. [20] did
ot ﬁnd any difference in the ability to wear shoes, or in pain
etween operated vs non-operated children. On the other
and, the degree of equinus deformity was much greater in
hose without surgery.
We can therefore conclude that lower limb surgery for
he hip and ankles makes it possible to release the contrac-
ures in these joints. In the knee, it seems reasonable to
imit surgery to cases of ﬂessum greater than 30◦. Extensive
enotomy of the m. tensor fascia lata and posterior tibial
endon transfer improve results. Achilles tendon tenotomy
esults in greater immediate improvement of dorsal ﬂexion.
This surgery is indicated as soon as contractures are sig-
iﬁcant and interfere with walking. In our opinion, the best
eriod for surgery is when walking is about to be lost. How-
ver, the goal should not be to continue walking, even with
rthotic support, but to release contractures so the upright
osition can be maintained as long as possible. Goertzen
t al.’s [14] results suggest that this type of surgery can be
eneﬁcial in slowing the progression of scoliosis in cases of
symmetric contractures by decreasing the oblique pelvis
nd lumbar lordosis.
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